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Oxidoreductase from Pichia capsulata 

The present invention relates to an oxidoreductase, to a process for the enantioselective 
reduction of carbonyl compounds to the corresponding (S)-hydroxy compounds and to a 
process for obtaining the chiral (R)-hydroxy compound. 

Optically active hydroxy compounds are valuable chiral components with broad applicability 
for the synthesis of pharmacologically active compounds, aromatic substances, pheromones, 
agricultural chemicals or enzyme inhibitors. 

At the same time, the number of carbonyl reductases which are suitable for large-scale 
applications in biocatalysis and are available at low cost in sufficient amounts is extremely 
limited. The following NADH-dependent S-specific carbonyl reductases are known: 
Alcohol dehydrogenase from horse liver (HLADH) (Enzyme Engineering, Vol 6, 1982, page 
107), 

Alcohol dehydrogenase from yeast (YADH) (Alcohol dehydrogenases: The Enzymes, 
(1963), pages 25-83. New York: Academic Press), 

Carbonyl reductase from Candida parapsilosis (CPCR) (US 5,523,223 and US 5,763,236), 
Carbonyl reductase from Rhodococcus erythropolis (RECR) (US 5,523,223.) and Norcardia 
fusca (Biosci. Biotechnol. Biochem., 63 (10) (1999), pages 1721-1729), 
Alcohol dehydrogenase from Candida boidinii (Biochim., Biophys. Acta 716, (1982), pages 
298-307) or 

Alcohol dehydrogenase from Sulfolobus solfataricus (FEMS Microbiology Letters, 170 
(1999), pages 31-39). 

None of the above-mentioned carbonyl reductases has so far been employed on a large scale. 
The main reason therefor, besides substrate spectra which often are too narrow or the low 
enantioselectivity of the enzymes, is above all the availability of said enzymes. So far it has 
not been possible to provide most of the above-mentioned enzymes in sufficient amounts 
and at low cost. 

Another problem arising in the application of the above-mentioned carbonyl reductases is the 
regeneration of the co factors NADH or NADPH. The known processes employ either a 
substrate-coupled coenzyme regeneration, for example with 2-propanol, or an enzyme- 
coupled coenzyme regeneration, for example with formate dehydrogenase. 



A disadvantage of the enzyme-coupled coenzyme regeneration with formate dehydrogenase 
is the low specific activity thereof (4 to 10 U/mg), therefore, even the recombinant formate 
dehydrogenase is comparatively expensive (J. Biotechnol. Bioeng. [1999] 64, pages 1 87- 
193). 

A disadvantage of the substrate-coupled coenzyme regeneration with isopropanol is the 
unfavourable equilibrium position and the insufficient enzyme stability towards the 
cosubstrates used such as isopropanol. 

It is the object of the invention to provide an oxidoreductase which is characterized by a 
broad substrate spectrum, high enantioselectivity and high stability towards organic solvents. 

Said object is achieved by an oxidoreductase in such a way that it reduces a carbonyl 
compound to the corresponding (S)-hydroxy compound in the presence of NADH and water. 

It has now been found that the above-mentioned disadvantages of the prior art processes can 
be obviated by means of a new oxidoreductase. 

The invention suitably relates to oxidoreductases which are obtainable from yeasts of the 
genuses Pichia or Candida, in particular from Pichia capsulata. 

In a further embodiment, the invention relates to oxidoreductase from Pichia capsulata which 
has the DNA-sequence according to SEQ ID NO: 8 and the amino acid sequence according 
to SEQ ED NO: 9. These sequences are described in the attached sequence listing. 

In one embodiment, the invention relates to oxidoreductase in which more than 70% of the 
amino acids is identical to the amino acid sequence SEQ ED NO: 9 and which has a specific 
activity of more than 1 jamol per mg protein, based on the reaction of ethyl-4-chloro-3- 
oxobutanoic acid to (R)-ethyl-4-chloro-3-hydroxybutanoic acid. An oxidoreductase is 
preferred in which 80% to 99.5%, in particular 90% to 99.5%, especially 99% to 99.5%, are 
amino acids identical to the amino acid sequence of SEQ ED NO: 9. Measuring the specific 
activity of oxidoreductase according to SEQ ED NO: 9 or of the derivatives or the analogon 
thereof, as defined below, is carried out by means of the test system described in Example 1 . 

The oxidoreductase according to the invention is characterized in that it exhibits an 
additional amount of 1 to 40 amino acids or 1 to 40 amino acids less than the oxidoreductase 
having the amino acid sequence SEQ ED NO: 9 and that it has a specific activity of more 



3 



than 1 jamol per mg protein, based on the reaction of ethyl-4-chloro-3-oxobutanoic acid to 
(R)-ethyl-4-chloro-3-hydroxybutanoic acid. Oxidoreductases are preferred in which 1 to 25 
amino acids, in particular 2 to 20 amino acids, or preferably 3 to 10 amino acids, more or 
less than in the amino acid sequence of SEQ ID NO: 9 are present. 

Furthermore, the invention relates to the oxidoreductase which has the amino acid sequence 
of SEQ ID NO: 9 and is modified once, twice, three, four or five times by a water-soluble 
polymer and in which the specific activity amounts to more than 1 p,mol per mg protein, 
based on the reaction of ethyl-4-chloro-3-oxobutanoic acid to (R)-ethyl-4-chloro-3- 
hydroxybutanoic acid. A water-soluble polymer is polyethylene glycol, for example. The 
binding of the polyethylene glycol preferably takes place at the N-terminal end of the protein 
according to SEQ ID NO: 9. The oxidoreductase according to SEQ ID NO: 9 can also be 
bound to a solid body such as polyethylene, polystyrene, polysaccharide, cellulose or 
cellulose derivatives. 

Furthermore, the invention relates to a protein fragment representing fragments of the amino 
acid sequence SEQ ID NO: 9, having a number of 5 to 30 amino acids per fragment. 
Fragments of SEQ ID NO: 9 are preferred, having a chain length of 6 to 25 amino acids, in 
particular 8 to 20 amino acids or 10 to 18 amino acids, in particular of the amino acid 
sequence SEQ ED NO: 10. Said fragments may, for example, be used for discovering the 
oxidoreductase according to the invention from Pichia capsulata or from any other 
microorganism. 

Furthermore, the invention relates to a fusion protein which is characterized in that it 
represents the oxidoreductase having the amino acid sequence SEQ ID NO: 9 or fragments 
of the amino acid sequence SEQ ID NO: 9, having a number of 5 to 30 amino acids which 
are connected via a peptide bond to a further polypeptide at the N-terminal or carboxy- 
terminal end. Fusion proteins can, for example, be separated more easily from other proteins 
or are expressed in the cells in larger amounts. 

Furthermore, the invention relates to an antibody which binds specifically to the 
oxidoreductase according to SEQ ID NO: 9 or SEQ ID NO: 10. The production of said 
antibodies is carried out according to known methods by immunizing suitable mammals and 
subsequently obtaining the antibodies. The antibodies can be monoclonal or polyclonal. 

The invention also relates to the isolated nucleic acid sequence which codes for the 
oxidoreductase according to SEQ ID NO: 9 and SEQ ID NO: 10. 
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Furthermore, the invention relates to an isolated DNA-sequence of the oxidoreductase which 
catalyzes the reduction of a carbonyl compound to the corresponding (S)-hydroxy 
compounds in the presence of NADH and water, wherein the DNA-sequence is selected 
from the group 

a) DNA-sequence which has the nucleotide sequence according to SEQ ID NO: 8, SEQ 
ID NO: 5, SEQ ID NO: 6 or SEQ ID NO: 7, or the respective complementary strand, 

b) DNA-sequence which hybridizes to one or several of the DNA-sequences according 
to a) or to the complementary strands thereof, with the hybridization taking place 
unter stringent conditions, and 

c) DNA-sequence which, as a result of the degeneration of the genetic code, encodes a 
protein which is encoded by one or several of the DNA-sequences according to a) or 

b). 

The conditions prevailing during hybridization are described in Sambrok and Russel, 
Molecular Cloning a Laboratory Manual, Vol 1, Chapter 1, Protocol 30-32. 

Furthermore, the invention relates to a DNA-sequence in which more than 70% of the 
nucleic acid bases is identical to the DNA-sequence according to SEQ ID NO: 8 or to the 
complementary strands thereof and which encodes the oxidoreductase which has a specific 
activity of more than 1 \xmol per mg protein, based on the reaction of ethyl-4-chloro-3- 
oxobutanoic acid to (R)-ethyl-4-chloro-3-hydroxybutanoic acid. DNA-sequences are 
preferred in which 80% to 99.5%, in particular 90% to 99.5%, especially 99% to 99.5%, of 
the nucleic acid bases is identical to the DNA-sequence according to SEQ ID NO: 8. 

Furthermore, the invention relates to a nucleic acid sequence having 10 to 50 nucleic acid 
bases which has a sequence corresponding to a part or several parts of the DNA-sequence 
according to SEQ ID NO: 8 or to the complementary strands thereof. A nucleic acid 
sequence having 15 to 45 nucleic acid bases, in particular 20 to 40 bases or 30 to 40 nucleic 
acid bases of the above-mentioned DNA-sequences, is preferred. The above-mentioned 
nucleic acid sequences are suitable as molecular probes or as primers for the polymerase- 
chain reaction (PCR). 

Furthermore, the invention relates to a cloning vector comprising one or several of the 
above-mentioned nucleic acid or DNA sequences. Furthermore, the invention relates to an 
expression vector located in a bacterial, insect, plant or mammalian cell and comprising one 
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or several of the above-mentioned nucleic acid or DNA sequences which are linked in an 
appropriate manner to an expression control sequence. Furthermore, the invention relates to 
a host cell which is a bacterial, yeast, insect, plant or mammalian cell and has been 
transformed or transfected with an expression vector. 

The identities of the previously mentioned DNA-sequences or of the previously mentioned 
amino acid sequence are calculated by adding up the number of amino acids or nucleic acid 
bases which are identical to partial sequences of the respective proteins or DNA-sequences 
and by dividing the sum by the total number of amino acids or nucleic acid bases and 
multiplying the same by one hundred. 

Suitable cloning vectors are, for example, ppCR-Script, pCMV- Script, pBluescript 
(Stratagene), pDrive cloning vector (Quiagen, Hilden, Germany), pS Blue, pET Blue, pET 
LIC-vectors (Novagen, Madison, USA) as well as TA-PCR cloning vectors (Invitrogen, 
Karlsruhe, Germany). 

Suitable expression vectors are, for example, pKK223-3, pTrc99a, pUC, pTZ, pSK, 
pBluescript, pGEM, pQE, pET, PHUB, pPLc, pKC30, pRMl/pRM9, pTrxFus, pASl, pGEx, 
pMAL or pTrx. 

Suitable expression control sequences are, for example, trp-lac (tac)-promotor, trp-lac (trc) 
promotor, lac-promotor, T7-promotor or ^pL-promotor. 

The oxidoreductase from Pichia capsulata is a homotetramer having a molecular weight of 
34 ± 2 kDa, determined in an SDS-gel, and a molecular weight of 140 ± 10 kDa, determined 
via gel permeation chromatography. The optimum temperature of oxidoreductase ranges 
from 40°C to 45°C, the optimum pH for the reduction reaction is from 6.5 to 7.0, and the 
optimum pH for the oxidation reaction is from 7.8 to 8.2. The oxidoreductase from Pichia 
capsulata exhibits good temperature and pH stabilities and is stable for 5 hours within a pH 
range of 5.5 to 8.5 and in a temperature range of 15°C to 40°C and, furthermore, exhibits 
high stability in organic solvents. 

The enzyme can be isolated especially from yeasts of the genus Pichia and can be detected in 
a spectrophotometric test via a decrease in NADH at 340 nm in the presence of an 
appropriate substrate, for example ethyl-4-chloro-3-oxobutyrate or 2-butanone. 
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The oxidoreductase according to the invention from Pichia capsulata was cloned and could 
be overexpressed in Escherichia coli (E. coli) with activities of from 1.000 to 10.000 U/g E. 
coli wet weight. The enzyme is inexpensive and available in large amounts. Sequence 
comparisons in databases show that the oxidoreductase according to the invention from 
Pichia capsulata is a zinc-dependent carbonyl reductase. 

The invention also relates to a process for obtaining oxidoreductase from Pichia capsulata. 
For this purpose, the DNA which codes for the oxidoreductase from Pichia capsulata is 
expressed, for example, in a suitable prokaryotic or eukaryotic microorganism. Preferably, 
the oxidoreductase from Pichia capsulata is transformed into an E.coli strain and expressed 
in particular in E. coli BL21star (DE3) cells. 

The oxidoreductase from Pichia capsulata can, for example, be obtained such that the above- 
mentioned recombinant E. coli cells are cultivated, the expression of oxidoreductase is 
induced and subsequently, after about 10 to 18 hours (h), the cells are digested by ultrasonic 
treatment or wet grinding with glass beads in a globe mill (Retsch GmbH, Haan, Germany, 
10 min, 24 Hz). The cell extract obtained can either be used directly or purified further. For 
this purpose, the cell extract is centrifuged, for example, and the supernatant obtained is 
subjected to ion exchange chromatography, for instance, by ion exchange chromatography in 
a Q-Sepharose Fast Flow ® device (Pharmacia). 

Furthermore, the invention relates to a process for the enantioselective reduction of carbonyl 
compounds to the corresponding (S)-hydroxy compounds, which process is characterized in 
that 

a) a carbonyl compound is reduced to the corresponding (S)-hydroxy compound in the 
presence of the oxidoreductase according to one or several of claims 1 to 9, NADH 
and water, and 

b) the chiral (S)-hydroxy compound formed is isolated. 

The process according to the invention has a high service life, an enantiomeric purity of 
more than 95% of the chiral (S)-hydroxy compounds produced and a high yield based on the 
amount of carbonyl compound that is fed. 

By the term "NADH", reduced nicotinamide adenine dinucleotide is understood. 
By the term "NAD", nicotinamide adenine dinucleotide is understood. 
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By the term "carbonyl compound", compounds of Formula I 

Rl-C(0)-R2 (I) 

are understood, for example. 
The moiety Rl is, e.g., 

1) -(Ci-C 2 o)-alkyl, wherein alkyl is linear-chain or branched, 

2) -(C2-C2o)-alkenyl, wherein alkenyl is linear-chain or branched and contains one, two, 
three or four double bonds, depending on the chain length, 

3) -(C2-C2o)-alkynyl, wherein alkynyl is linear-chain or branched and optionally 
contains one, two, three or four triple bonds, 

4) -(C 6 -Ci 4 )-aryl, 

5) -(Ci-C 8 )-alkyl-(C 6 -C 14 )-aryl, 

6) -(C 5 -Ci 4 )-heterocycle which is unsubstituted or substituted one to three times by 
halogen, hydroxyl, amino or nitro, or 

7) -(C 3 -C 7 )-cycloalkyl, 

wherein the moieties mentioned under 1) to 7) are unsubstituted or substituted one, two or 
three times, independently of each other, by 

a) -OH, 

b) halogen such as fluorine, chlorine, bromine or iodine, 

c) -N0 2 or 

d) -NH 2 . 

The moiety R2 is, e.g., 

1) -(Ci-C6)-alkyl, wherein alkyl is linear-chain or branched, 

2) -(C 2 -C6)-alkenyl, wherein alkenyl is linear-chain or branched and contains one, two 
or three double bonds, depending on the chain length, 

3) -(C 2 -C6)-alkynyl, wherein alkynyl is linear-chain or branched and optionally contains 
one or two triple bonds, or 

4) -(Co-Cio)-alkyl-C(0)-0-(Ci-C6)-alkyl, wherein alkyl is linear or branched and is 
unsubstituted or substituted one to three times by halogen, hydroxyl, amino or nitro, 

i 

» wherein the moieties mentioned under 1) to 4) are unsubstituted or substituted one, two or 

I three times, independently of each other, by 

! a) -OH, 

j b) halogen such as fluorine, chlorine, bromine or iodine, 
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c) 
d) 



-N0 2 or 
-NH 2 . 



By the term chiral "(S)-hydroxy compound", compounds of Formula II 



Rl-C(OH)-R2 (II). 



are understood, for example, wherein the -OH-group is usually positioned in an (S)- 
configuration relative to the carbon atom to which it is bound and Rl and R2 have the same 
meaning as in Formula I. 

If, however, a carbonyl group or a halogen atom is located close to the alcohol, the 
nomenclature changes and the enantioselective alcohols are then also referred to as (R)- 
alcohols. This, however, is merely a matter of nomenclature and does not alter the 
stereoselective way of how the oxidoreductase according to the invention carries out the 
reduction. 

By the term "aryl", aromatic carbon moieties comprising 6 to 14 carbon atoms within the 
ring are understood. -(C6-C14) aryl moieties are, for instance, phenyl, naphthyl, 1-naphthyl, 
2-naphthyl, biphenylyl, 2-biphenylyl, 3-biphenylyl and 4-biphenylyl, anthryl or fluorenyl. 
Biphenylyl moieties, naphthyl moieties and in particular phenyl moieties are preferred aryl 
moieties. By the term "halogen", an element from the family of fluorine, chlorine, bromine 
and iodine is understood. By the term "-(C1-C20) alkyl", a hydrocarbon moiety is understood 
the carbon chain of which is linear-chain or branched and comprises 1 to 20 carbon atoms, 
for example, methyl, ethyl, propyl, isopropyl, butyl, tertiary butyl, pentyl, hexyl, heptyl, 
octyl, nonenyl or decanyl. By the term "-Co alkyl", a covalent bond is understood. 

By the term "-(C3-C7) cycloalkyl", cyclic hydrocarbon moieties such as cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl are understood. 

The term "-(C5-C14) heterocycle" stands for a monocyclic or bicyclic 5-membered to 14- 
membered heterocyclic ring which is partially or completely saturated. N, O and S are 
examples of heteroatoms. Moieties derived from pyrrole, furan, thiophene, imidazole, 
pyrazole, oxazole, isoxazole, thiazole, isothiazole, tetrazole, l,2,3,5-oxathiadiazole-2-oxide, 
triazolone, oxadiazolone, isoxazolone, oxadiazolidinedione, triazole subsituted by F, -CN, 
-CF 3 or -C(0)-0-(Ci-C 4 ) alkyl, 3-hydroxypyrro-2,4-dione, 5-oxo-l,2,4-thiadiazole, pyridine, 
pyrazine, pyrimidine, indole, isoindole, indazole, phthalazine, quinoline, isoquinoline, 
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quinoxaline, quinazoline, cinnoline, carboline- and benz-anellated, cyclopenta-, cyclohexa- 
or cyclohepta-anellated derivatives of said heterocycles are examples of the terms "-(C5-C14) 
heterocycle". The moieties 2- or 3-pyrrolyl, phenylpyrrolyl such as 4- or 5-phenyl-2- 
pyrrolyl, 2-furyl, 2-thienyl, 4-imidazolyl, methylimidazolyl, e.g. l-methyl-2-, -4- or -5- 
imidazolyl, l,3-thiazole-2-yl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-, 3- or 4-pyridyl-N-oxide, 2- 
pyrazinyl, 2-, 4- or 5-pyrimidinyl, 2-, 3- or 5-indolyl, substituted 2-indolyl, e.g. 1 -methyl, 5- 
methyl, 5-methoxy-, 5-benzyloxy-, 5-chloro- or 4,5-dimethyl-2-indolyl, l-benzyl-2- or -3- 
indolyl, 4,5 5 6,7-tetrahydro-2-indolyl, cyclohepta[b]-5-pyrrolyl, 2-, 3- or 4-quinolyl, 1-, 3- or 
4-isoquinolyl, l-oxo-l,2-dihydro-3-isoquinolyl, 2-quinoxalinyl, 2-benzofuranyl, 2-benzo- 
thienyl, 2-benzoxazolyl or benzothiazolyl or dihydropyrinidyl, pyrrolidinyl, e.g. 2- or 3-(N- 
methylpyrrolidinyl), piperazinyl, morpholinyl, thiomorpholinyl, tetrahydrothienyl or 
benzodioxolanyl are particularly preferred. 

Preferred compounds of Formula I are, for example, ethyl-4-chloroacetoacetate, 
methylacetoacetate, ethyl-8-chloro-6-oxooctanoic acid, ethyl-3-oxovaleriate, 4-hydroxy-2- 
butanone, ethyl-2-oxovaleriate, ethyl-2-oxo-4-phenylbutanoic acid, ethyl pyruvate, ethyl 
phenyl glyoxylate, l-phenyl-2-propanone, 2,3-dichloroacetophenone, acetophenone, 2- 
octanone, 3-octanone or 2-butanone. 

The S-alcohols formed correspondingly are, for example, (R)-ethyl-4-chloro-3- 
hydroxybutanoic acid, ethyl-(S)-2-hydroxy-4-phenylbutanoic acid, (S)-2-octanol or (R)- 
ethyl-8-chloro-6-hydroxyoctanoic acid. 

Suitable oxidoreductases come, for instance, from Pichia capsulata. In the process according 
to the invention, the oxidoreductase can be used either in a completely purified or in a 
partially purified state. The process is carried out with the oxidoreductase according to the 
invention or with cells containing the oxidoreductase according to the invention. In doing so, 
the cells used can be provided in a native, permeabilized or lysed state. Preferably, the 
cloned oxidoreductase according to SEQ ID NO: 9 is used. 

The volume activity of the employed oxidoreductase is from 100 units/ml (U/ml) to 5.000 
U/ml, preferably to about 500 U/ml. 

5.000 to 2.000.000 U of oxidoreductase, preferably about 10.000-200.000 U, are used per kg 
of compound of Formula I to be reacted. Thereby, the enzyme unit 1 U corresponds to the 
enzyme amount which is required for reacting 1 \imol of the compound of Formula I per 
minute (min). 
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Furthermore, the invention relates to a process for the enantioselective reduction of carbonyl 
compounds to the corresponding (S)-hydroxy compounds, wherein 

a) a carbonyl compound is reduced to the corresponding (S)-hydroxy compound in the 
presence of the oxidoreductase according to the invention, NADH and water, 

b) the NAD formed by the oxidoreductase is reduced to NADH with a cosubstrate, and 

c) the chiral (S)-hydroxy compound formed is isolated. 

The amounts of carbonyl compounds and oxidoreductases which are used are equal to the 
above-mentioned amounts in the described processes. Suitable cosubstrates for the process 
according to the invention are alcohols such as ethanol, 2-propanol (isopropanol), 2-butanol, 
2-pentanol or 2-octanol. These cosubstrates are reacted to the corresponding ketones and 
NADH by the oxidoreductase according to the invention and NAD. Thereby, NADH is 
regenerated. 

The amount of cosubstrate for the regeneration of NAD to NADH such as isopropanol is 
from 5% to 50%, based on the total volume, preferably from 8% to 20%, in particular from 
10% to 15%. 

Furthermore, the invention relates to a process for the enantioselective recovery of (S)- 
hydroxy compounds, wherein 

a) a carbonyl compound is reduced to the corresponding (S)-hydroxy compound in the 
presence of the oxidoreductase according to the invention, NADH and water, 

b) the NAD formed by the oxidoreductase is reduced to NADH with a dehydrogenase 
and a cosubstrate, and 

c) the chiral (S)-hydroxy compound formed is isolated. 

Suitable dehydrogenases are, for example, NADH-dependent alcohol dehydrogenases from 
baker's yeast, from Candida boidinii or Candida parapsilosis. Suitable cosubstrates for the 
alcohol dehydrogenase used are alcohols such as ethanol, 2-propanol (isopropanol), 2- 
butanol, 2-pentanol or 2-octanol. 

Furthermore, the NAD reduction can also be carried out by means of formate dehydrogenase 
(Tishkov et aL, J. Biotechnol. Bioeng. [1999] 64, 187-193, Pilot-scale production and 
isolation of recombinant NAD and NADP specific formate dehydrogenase). Suitable 
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cosubstrates of formate dehydrogenase are, for example, salts of formic acid such as 
ammonium formate, sodium formate or calcium formate. 

The substrate-coupled coenzyme regeneration is preferably used with a secondary alcohol 
such as ethanol, 2-propanol (isopropanol), 2-butanol, 2-pentanol or 2-octanol. Therefore, the 
process is preferably carried out without an additional dehydrogenase. 

Preferably, a buffer, e.g. a potassium phosphate, tris/HCl or triethanolamine buffer having a 
pH value of 5 to 10, preferably a pH value of 6 to 9, is added to the water used in the 
process. The buffer concentration is from 10 mM to 150 mM. 

In addition, the buffer can contain ions for stabilizing or activating the enzymes, for example 
zinc ions or magnesium ions. 

The temperature is, for example, from 10°C to 60°C, preferably from 30°C to 55°C. 

Furthermore, the invention relates to a process for the enantioselective recovery of (S)- 
hydroxy compounds, wherein 

a) a carbonyl compound is reduced to the corresponding (S)-hydroxy compound in the 
presence of the oxidoreductase, NADH and water, 

b) the reactions are carried out in the presence of an organic solvent, and 

c) the chiral (S)-hydroxy compound formed is isolated. 

The preferred organic solvents are, for example, diethyl ether, tertiary butyl methyl ether, 
diisopropyl ether, dibutyl ether, butyl acetate, heptane, hexane or cyclohexane. 

If additional solvents are used, the reaction batch consists of an aqueous phase and an 
organic phase. The organic phase is formed by a suitable solvent in which the substrate is 
present in a dissolved state or by the water-insoluble substrate itself. 

The organic phase makes up 5% to 80% of the total reaction volume, preferably 10% to 
40%. 

In the two-phase system according to the invention, the water forms one liquid phase, and 
the organic solvent forms the second liquid phase. In addition, a solid or another liquid phase 
can optionally be provided which results, for example, from oxidoreductase which has not 
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been dissolved completely and/or from added enzymes or from the carbonyl compound. 
However, two liquid phases without a solid phase are preferred. Preferably, the two liquid 
phases are mixed mechanically so that large surfaces are formed between the two liquid 
phases. 

The concentration of the cofactor NADH, based on the aqueous phase, is from 0.01 mM to 
1 mM, in particular from 0.05 mM to 0.2 mM. 

In the process according to the invention, the carbonyl compound is used in an amount of 
from 3% to 30%, based on the total volume, preferably of from 5% to 15%, in particular of 
10%. 

Furthermore, the invention relates to a process for the enantioselective reduction of carbonyl 
compounds to the corresponding (S)-hydroxy compounds, wherein 

a) a carbonyl compound is reduced to the corresponding (S)-hydroxy compound in the 
presence of the oxidoreductase, NADH and water, 

b) the reactions are carried out in the presence of an organic solvent, 

c) the NAD formed by the oxidoreductase is reduced to NADH with a cosubstrate, and 

d) the chiral (S)-hydroxy compound formed is isolated. 

The amounts of carbonyl compounds and oxidoreductases that are used correspond to the 
above-mentioned processes. Suitable cosubstrates for the process are alcohols such as 
ethanol, 2-propanol (isopropanol), 2-butanol, 2-pentanol or 2-octanol. These cosubstrates are 
reacted to the corresponding ketones and NADH by the oxidoreductase and NAD. Thereby, 
NADH is regenerated. 

The amount of cosubstrate such as isopropanol for the regeneration of NAD to NADH is 
from 5% to 50%, based on the total volume, preferably from 8% to 20%, in particular from 
10% to 15%. 

Furthermore, the invention relates to a process for the enantioselective reduction of carbonyl 
compounds to the corresponding (S)-hydroxy compounds, wherein 

a) a carbonyl compound is reduced to the corresponding (S)-hydroxy compound in the 
presence of the oxidoreductase, NADH and water, 
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b) the NAD formed by the oxidoreductase is simultaneously reduced to NADH with a 
dehydrogenase and a cosubstrate, 

c) the reactions are carried out in the presence of an organic solvent, and 

d) the chiral (S)-hydroxy compound formed is isolated. 

Preferably, a further stabilizer for the alcohol dehydrogenase is used in the process according 
to the invention. Suitable stabilizers are, for example, glycerol, sorbitol, 1,4-DL- 
dithiothreitol (DTT) or dimethyl sulfoxide (DMSO). 

The process according to the invention is carried out, for example, in a closed reaction vessel 
made of glass or metal. For this purpose, the components are transferred individually into the 
reaction vessel and stirred under an atmosphere of, e.g., nitrogen or air. Depending on the 
substrate and the carbonyl compound used, the reaction time amounts to from 1 hour to 48 
hours, in particular from 2 hours to 24 hours. 

Subsequently, the reaction mixture is reprocessed. For this purpose, the aqueous phase is 
separated and the organic phase is filtered. Optionally, the aqueous phase can be extracted 
once again and can be reprocessed further like the organic phase. Afterwards, the solvent is 
optionally evaporated from the filtered organic phase. In this way, the product (R)-ethyl-4- 
chloro-3-hydroxybutanoic acid is obtained with an enantiomeric purity of more than 99% 
and substantially free from the educt ethyl-4-chloroacetoacetate. After the distillation of the 
product, the total yield of the process amounts to 50% to 95%, based on the amount of educt 
that is used. 

Furthermore, the invention relates to a process for the recovery of chiral (R)-hydroxy 
compounds of Formula II, 

Rl-C(OH)-R2 (II) 
comprising the moieties Rl and R2 as previously defined. In said process, 

a) a mixture containing the racemic compound of Formula II is incubated with the 
oxidoreductase according to the invention, NAD and water, and 

b) the remaining chiral (R)-hydroxy compound of Formula II is isolated. 

Thereby, the (S)-hydroxy compound of Formula II is reacted to the corresponding ketonic 
compound and NADH. 
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Furthermore, the invention relates to a process for the recovery of chiral (R)-hydroxy 
compounds of Formula II, wherein 

a) a mixture containing the racemic compound of Formula II is incubated with the 
oxidoreductase according to the invention, NAD and water, 

b) the NADH formed by the oxidoreductase is oxidized to NAD with a cosubstrate, and 

c) the remaining chiral (R)-hydroxy compound of Formula II is isolated. 

Furthermore, the invention relates to a process for the recovery of chiral (R)-hydroxy 
compounds of Formula II, wherein 

a) a mixture containing the racemic compound of Formula II is incubated with the 
oxidoreductase according to the invention, NAD and water, 

b) the NADH formed by the oxidoreductase is oxidized to NAD with a dehydrogenase 
and a cosubstrate, and 

c) the remaining chiral (R)-hydroxy compound of Formula II is isolated. 

In another embodiment, the invention relates to a process for the recovery of chiral (R)- 
hydroxy compounds of Formula II, wherein 

a) a mixture containing the racemic compound of Formula II is incubated with the 
oxidoreductase according to the invention, NAD and water, 

b) the reactions are carried out in the presence of an organic solvent, and 

c) the remaining chiral (R)-hydroxy compound of Formula II is isolated. 

A further process according to the invention for the recovery of chiral (R)-hydroxy 
compounds of Formula II is characterized in that 

a) a mixture containing the racemic compound of Formula II is incubated with the 
oxidoreductase according to the invention, NAD and water, 

b) the reactions are carried out in the presence of an organic solvent, 

c) the NADH formed by the oxidoreductase is oxidized to NAD with a dehydrogenase 
and a cosubstrate, and 

d) the remaining chiral (R)-hydroxy compound of Formula II is isolated. 
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The reaction conditions are basically the same as in the previously mentioned process for the 
enantiospecific reduction of the ketonic compounds of Formula I. However, instead of an 
enantioselective reduction of the ketonic compound of Formula I from the racemic mixture 
of the compound of Formula II, only the (S)-hydroxy compound of Formula II is oxidized 
enantioselectively to the corresponding ketonic compound. Thus, the (R)-hydroxy compound 
of Formula II remains and can be isolated. 

Furthermore, instead of the alcohols used as cosubstrates such as ethanol, 2-propanol 
(isopropanol), 2-butanol, 2-pentanol or 2-octanol, the corresponding ketones thereof such as 
acetone are used in the process for a regeneration of the NAD. The acetone and NADH are, 
for example, reacted to NAD and isopropanol with the oxidoreductase according to the 
invention or an additional dehydrogenase. The amounts of ketone that are used are from 5% 
to 50%, based on the total volume, preferably from 8% to 20% and in particular from 10% to 



In the following, the invention is illustrated by way of examples. 
Examples 

Example 1: Screening of yeasts for S-specific alcohol dehydrogenase 

For screening, a number of different yeast strains were cultivated in the following medium 
(all data in g/1): yeast extract (3), malt extract (3), peptone (5) and glucose (10). The medium 
was sterilized at 121°C and the yeasts were cultivated without further pH-adjustment at 25°C 
and on a shaker at 160 revolutions per minute (rpm). Subsequently, 125 mg of cells were 
resuspended with 800 jal of digestion buffer (100 mM triethanolamine (TEA), pH = 7.0), 
mixed with 1 g of glass beads and digested for 10 minutes (min) at 4°C in the globe mill 
(Retsch). The supernatant (lysate) obtained after 2 min of centrifugation at 12,000 rpm was 
used in the following activity screening and for determining the enantiomeric excess (ee- 
value). Ethyl-4-chloroacetoacetate and 2-chloro-l-(3-chlorophenyl)ethane-l-one were used 
as substrates. 

Batch for activity screening: 



15%. 



860 |il 
20 jil 
20 [i\ 



0.1 M KH 2 P0 4 /K 2 P04 pH = 7.0 1 mM MgCl 2 

NADPH or NADH (10 mM) 

lysate 
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100 jal respective substrate (100 mM) 

The reaction was pursued for 1 min at a wavelength of 340 nm. 



Batch for the determination of the ee-value: 
20 ul lysate 

1 00 ul NAJDH or NADPH (50 mM) 

60 jj.1 substrate (ethyl-4-chloroacetoacetate 100 mM) 



After 24 hours (h), the batches for ee-determination were extracted with chloroform and the 

enantiomeric excess was determined via gas chromatography (GC). 

The enantiomeric excess is calculated as follows: 

ee(%) = ((R-alcohol - S-alcohol)/(R-alcohol + S-alcohol)) x 100. 



DSMZ No. Name of Ethyl-4-chloroacetoacetate 

microorganism Activity in U/g cells host organism 

NAJDH NADPH ee-value ee-value 

NADH NADPH 



1345 



Yarrowia lipolytika 



0 
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70% S 



3434 

3435 
3795 
70130 
70169 

70277 

70382 

70638 

70125 

2147 

Candida 

methylica 

70260 



Kluyveromyces 0 6 
thermotolerans 

Metschnikowia zobelli 0 12 

Kluyveromyces lactis 0 15 

Pichia anomala 0 9 

Pichia 0 8 
membranefaciens 

Pichia angusta 13 4.5 

Pichia pastoris 16 16 

Candida magnoliae 2.5 10 

Candida parapsilosis 25 11 

Pichia methanolica 18 27 

8 13 

Pichia capsulata 50 5 



80% S 
68% S 



52% R 
84% S 
94% S 

100% R 



90% S 
90% S 



racemate 30% S 
64% S 81% S 



80% R 
70% S 
90% S 
94% S 
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DSMZ stands for Deutsche Sammlung fur Mikroorganismen und Zellkulturen, Mascheroder 
Weg lb, 38124 Braunschweig 

Definition of enzyme units: 1 U corresponds to the enzyme amount which is required for 
reacting 1 \xmol of substrate per min. 

Example 2: Isolation of an NADH-dependent (S)-specific oxidoreductase from Pichia 
capsulata 

In order to isolate the NADH-dependent oxidoreductase from Pichia capsulata (P. capsulata), 
the microorganism was cultivated as described under Example 1 . Upon reaching the 
stationary phase, the cells were harvested and separated from the medium by centrifugation. 
The enzyme release was effected by wet grinding using glass beads but may also be 
achieved by other digestion methods. For this purpose, 100 g of P. capsulata were suspended 
with 400 ml of a digestion buffer (100 mM triethanolamine, 1 mM MgCl 2 , pH = 7.0) and 
homogenized by means of a French press. 

The crude extract obtained after centrifugation (7000 rpm) was then purified further and 
reprocessed via FPLC (fast protein liquid chromatography). 

The oxidoreductase according to the invention could be purified in two consecutive steps via 
ion exchange chromatography on Q-Sepharose Fast Flow (Messrs. Pharmacia) and Uno Q 
(Biorad, Munich, Germany). For this purpose, the lysate obtained after the centrifugation 
was directly applied to a Q-Sepharose FF-column equilibrated with 50 mM of a potassium 
phosphate buffer, pH = 7.0, and was eluted with an increasing linear salt gradient. In doing 
so, the oxidoreductase was eluted at 0.2 to 0.3 M NaCl. The oxidoreductase-containing 
fractions were combined and concentrated to an appropriate volume by means of 
ultrafiltration (exclusion limit 10 kDa). Subsequently, the fractions of oxidoreductase which 
had been concentrated were reprocessed and purified further via Uno Q, using the same 
above-mentioned buffers. The enzyme was thereby eluted at 0.1 M NaCl. 

Thereupon, the molecular weight of the purified oxidoreductase obtained was determined via 
gel permeation (Superdex 200 HR; Pharmacia, 100 mM triethanolamine, pH = 7, 0.15 M 
NaCl). 



Catalase (232 kDa), aldolase (158 kDa), albumin (69.8 kDa) and ovalbumin (49.4 kDa) were 
used as molecular weight standards. 
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The following Table 2 summarizes the results obtained. 



Table 2: 



Purification step Volume Activity Total activity Specific Yield 
[ml] [U/ml] [U] activity 

[U/mg] 

Crude extract 360 2.0 752 0.07 100% 



Q-Sepharose 67 5.3 358 5 47% 

UnoQ 3.5 14 50 41 6.6% 

The enzyme activity of oxidoreductase was determined in the test system according to 
Example 1 (batch activity screening), and the determination of the protein amount was 
performed according to Lowry et al. Journal of Biological Chemistry, 193 (1951): 265-275 
or Peterson et al., Analytical Biochemistry, 100 (1979): 201-220). The quotient of enzyme 
activity to protein amount yields the specific activity, wherein the conversion of 1 |j.mol per 
min corresponds to 1 unit (U). 

The molecular weight of the oxidoreductase according to the invention determined by gel 
permeation was 140 ±10 kDa in the native state. 

Example 3: Determination of the N-terminal sequence of the oxidoreductase according to 
the invention 



After gel permeation, the enzyme preparation according to Example 2 was fractioned in a 
10% sodium dodecyl sulfate (SDS) gel and transferred onto a polyvinylidene difluoride 
membrane (PVDF-membrane). 

The conspicuous band at about 35 to 45 kDA was subjected to N-terminal sequencing via 
Edman degradation (Procise 492 (PE-Biosystems)). The following N-terminal sequence was 
obtained: 



SEQIDNO: 10 



KTQAGYIFKKGA 
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Example 4: Cloning of oxidoreductase from Pichia capsulata 

The eukaryotic microorganism Pichia capsulata belongs to the family of Saccaromycetacea. 
The genomic structure of said organism exhibits an exon-intron arrangement. Therefore, a 
cDNA library was prepared from the active cells of Pichia capsulata in order to identify the 
gene sequence which codes for the enantioselective oxidoreductase. 

4. 1 Preparation of the total RNA from cells of Pichia capsulata. 

600 mg of fresh cells from Pichia capsulata were resuspended in 2.5 ml of an ice-cold LETS 
(10 mM tris-HCl, pH = 7.4, 10 mM EDTA, 100 mM LiCl, 0.2% SDS) buffer. 5 ml (approx. 
20 g) of glass beads washed in nitric acid and equilibrated with 3 ml of phenol (pH 7.0) were 
added to said cell suspension. Thereupon, the entire batch was shaken alternately for 30 
seconds (sec) at a time (Vortex Genie 2, Scientific Industries Inc., New York, USA) and 
cooled on ice for 30 sec and treated for a total period of 10 min. Subsequently, another 5 ml 
of ice-cold LETS buffer were added. Said cell suspension was centrifuged for 5 min at 
1 1.000 g and at 4°C. The aqueous phase was removed and extracted twice with the same 
volume of phenol:chloroform:3-methyl-l-butanol (24:24:1). This was followed by an 
extraction with chloroform. After the final extraction, the total RNA obtained was 
precipitated for 4 hours at -20° by adding 1/10 vol. of 5 M LiCl. 

1 mg of the isolated RNA was used for the m-RNA recovery by means of oligo-dT cellulose 
(mRNA PrepKit, Qiagen). 

After the subsequent precipitation, 5 |u.g of mRNA were used for the cDNA synthesis 
(pBluescript IIXR cDNA Library Construction Kit, Stratagene). The library constructed 
according to the manufacturer's instructions was transformed into XL- 10 Gold E.coli and 
examined for (S)-ADH activity. 

Two clones (2/1 and 2/2) were identified and isolated on the basis of the extinction decrease 
with NADH as a cofactor and ethyl-4-chloroacetoacetate as a substrate. Sequencing with 
Primer T7 (SEQ ED NO: 3) and Primer T3 (SEQ ID NO: 4) via the multiple cloning site of 
the plasmids contained in the clones resulted in a fragment having a size of 1 175 bp (SEQ ID 
NO: 1). Said fragment codes for a fusion protein comprising 366 amino acids (SEQ ID NO: 
2) and consists of the a- fragment of P-galactosidase and the sequence of the oxidoreductase 
according to the invention. 
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4.2 Synthesis of a full-length transcript coding for an (S)-ADH from Pichia capsulata via 
PCR (polymerase chain reaction) 

Based on SEQ ID NO: 1, specific primers were constructed for a subsequent cloning of the 
full-length transcript into appropriate expression systems. In doing so, 5 '-primers having a 
recognition sequence for Nde I (or Sph I, respectively) and 3'-primers having a recognition 
sequence for Hind III were modified (SEQ ID NO: 5; SEQ ED NO: 6; SEQ ED NO: 7). 

Oligo 1-NdeI: 5'-GGAATTCCATATGTCTGCTCTCTCCAAAAC-3' 

Oligo 2-Sph I: 5 ' -C ACTGC ATGCTGATGTCTGCTCTCTCC AAAAC-3 ' 

Oligo 3-Hind III: 5 ' -CCC AAGCTTTC ATGG AAGC AT AACC AATCTT-3 5 

Plasmid DNA isolated from clone 2/1 of the expression library of Pichia capsulata served as 
a template for the polymerase chain reaction. The amplification was carried out in a PCR- 
buffer [10 mM tris-HCl, (pH 8.0); 50 mM KC1; 10 mM MgS0 4 ; 1 mM dNTP mixture (N 
thereby stands for bases A, T, C or G); per 30 pMol of primer and 2.5 U of Platinum Pfx 
DNA-Polymerase (Invitrogen)] with 50 ng of template and the following temperature cycles: 



After purification, the resulting PCR product was digested via a 1% agarose gel with the aid 
of endonucleases Nde I and Hind III or endonucleases Sph I and Hind III and was ligated 
into the backbone of the pET2 la vector (Novagen) or the pQE30 vector (Qiagen), which 
backbone had been treated with the same endonucleases. After transforming 2 il of the 
ligation batch into E. coli Top 10 F' cells (Invitrogen), plasmid DNAs of ampicillin-resistant 
colonies were tested for the presence of an insert having a size of 1.100 bp by using a 
restriction analysis with endonucleases Nde I and Hind III or endonucleases Sph I and Hind 
III. The expression construct pET21-PC#10 was sequenced. The transcript from Pichia 
capsulata coding for the oxidoreductase according to the invention has an open reading 



Cycle 1: 
Cycle 2 x 30: 



Cycle 3: 



94°C, 2 min 
94°C, 15 sec 
58°C, 30 sec 
68°C, 75 sec 
68°C, 7 min 
4°C, oo 
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frame of, in total, 1026 bp (SEQ ED NO: 8) which corresponds to a protein of 341 amino 
acids (SEQ ID NO: 9). 

4.3 Expression of the oxidoreductase according to the invention from P. capsulata in Star 
BL21 (De3)E. coli cells 

Competent Escherichia coli StarBL21 (De3) cells (Invitrogen) were transformed with the 
expression construct pET21-PC#10 coding for the oxidoreductase according to the 
invention. 

The transformed strain was cultivated in an LB medium (1% tryptone, 0.5% yeast extract, 
1% NaCl) with ampicillin (50 ig/ml) until an optical density, measured at 500 nm, of 0.5 was 
reached. The production of the recombinant oxidoreductase protein was initiated by adding 
isopropylthiogalactoside (IPTG) at a final concentration of 1 mM. The induction batch was 
incubated for another 15 h at 25°C and 220 rpm. 

The enzyme activity achieved amounted to approx. 6000 U/g of wet cell mass. 

4.4 Expression of the oxidoreductase according to the invention from P. capsulata in 
RB791 E. coli cells 

Competent Escherichia coli RB791 cells were transformed with the expression construct 
pQE30-PC#12 coding for the oxidoreductase according to the invention. 
The transformed strain was cultivated in an LB medium (1% tryptone, 0.5% yeast extract, 
1% NaCl) with ampicillin (50 ig/ml) until an optical density, measured at 500 nm, of 0.5 was 
reached. The production of the recombinant oxidoreductase protein was initiated by adding 
IPTG at a final concentration of 0.1 mM. The induction batch was incubated for another 15 
hours at 25°C and 220 rpm. The enzyme activity achieved amounted to approx. 1000 U/g of 
wet cell mass. 

Example 5: Characterization of the recombinant oxidoreductase from P. capsulata 
5.1 pH optimum 

The buffers indicated in Table 3 were prepared. The concentration of the respective buffer 
components amounted to 50 mM in each case. 
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Table 3 



pH value 


buffer system 


pH value 


buffer system 


' 4 


Na-acetate/acetic acid 


7.5 


KH 2 P0 4 /K 2 P0 4 


4.5 


Na-acetate/acetic acid 


8 


KH 2 P0 4 /K 2 P0 4 


5 


Na-acetate/acetic acid 


8.5 


KH 2 P0 4 /K 2 P0 4 


5.5 


KH 2 P04/K 2 P04 


9 


glycine/NaOH 


6 


KH 2 P0 4 /K 2 P04 


9.5 


glycine/NaOH 


6.5 


KH 2 P0 4 /K 2 P0 4 


10 


glycine/NaOH 


7 


KH 2 P0 4 /K 2 P0 4 


11 


glycine/NaOH 



Measuring batch (30°C): 

870 jal of each of the buffer systems mentioned in Table 3 

20 [il NADH 10 mM (8.6 mg/ml water) 

10p.l enzyme diluted 

Incubation lasted for about 2 to 3 min, thereupon 

100 ]xl of a substrate solution (100 mM ethyl-4-chloro-3-oxobutanoic acid) were added. 

In order to determine the pH optimum, the enzymatic reaction was determined in the 
respective buffer indicated in Table 3. In order to determine the pH optimum for the 
oxidation reaction, NADH was used as a cofactor and (S)-methyl-3-hydroxybutanoic acid 
was used as a substrate. For the enzyme according to the invention, a pH optimum of 6.5 to 7 
could thereby be determined for the reduction reaction and a pH optimum of 7.8 to 8.2 could 
be determined for the oxidation reaction. 

5.2 pH stability 

The determination of the activity of the recombinant oxidoreductase was examined by 
storage in the buffer systems mentioned in Table 3. For this purpose, the various buffers (50 
mM) were prepared in a pH range of 4 to 11, and the oxidoreductase produced according to 
Example 4 was diluted therewith. After 30, 60 and 300 min of incubation, 10 \i\ were 
removed from the batch and used in the activity test according to Example 1 . 

Thereby, the initial value is the measured value which was obtained immediately after 
diluting (1 :20) the enzyme in the potassium phosphate buffer 50 mM pH = 7.0. Under the 
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given conditions, said value corresponded to an extinction variation of approx. 0.70/min and 
was set as a 100% value, and all the following measured values were set in relation to said 
value. 

In doing so, it was detected that the recombinant oxidoreductase from P. capsulata is stable 
at a pH of 5.5 to 8.5 and can be incubated for at least 5 h without any substantial loss in 
activity. Incubations at pH values above 9.0 and below 5.0 resulted in an immediate 
deactivation of the enzyme. 

5 . 3 Temperature optimum 

In order to determine the optimum test temperature, the enzyme activity was measured in the 
standard measuring batch in a temperature range of 15°C to 70°C. As can be seen in Table 4, 
the enzyme reaches its maximum activity at 45°C, afterwards the activity decreases rapidly. 

Table 4 



Temperature 


Activity in U/ml 


Temperature 


Activity in U/ml 


(°C) 


undiluted enzyme 


(°C) 


undiluted enzyme 


15 


73 


45 


176 


20 


83 


50 


122 


25 


128 


55 


45 


30 


135 


60 


0 


35 


163 


65 


0 


40 


170 


70 


0 



5.4 Temperature stability 

The temperature stability was determined for the range of 15°C to 70°C in a manner 
analogous to that described under Example 5.2. For this purpose, a 1 :20 dilution of the 
purified oxidoreductase was incubated in each case for 60 min and for 180 min at the 
respective temperature and was measured subsequently at 30°C with the above-mentioned 
test batch. Also in this case, the measured value obtained immediately after diluting the 
purified oxidoreductase in a potassium phosphate buffer 50 mM pH = 7.0 was used as the 
initial value. Said value was set as a 100% value also in this example. 
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Here, the enzyme is completely stable in a temperature range of 1 5°C to 40°C and does not 
show any loss in activity after 3 h of incubation. At 55°C, an enzyme activity can no longer 
be detected already after 30 min. 



5.5 Substrate spectrum/enantiomeric excess 



The substrate spectrum of the oxidoreductase according to the invention was determined by 
measuring the enzyme activity with a number of ketones, oxoacids and esters thereof. For 
this purpose, the standard measuring batch according to Example 5.1 was used with different 
substrates. The activity with ethyl-4-chloroacetoacetate was equalled to 100% and all the 
other substrates were set in relation thereto. 

For the determination of the ee-value, the following reaction batch was used for selected 
substrates. 

100 pi NADH (50 mM) 

60 pi substrate ( 1 00 mM) 

+ 1 to 2 U of the oxidoreductase according to the invention 

The batches for ee-determination were extracted with chloroform after 24 h and the 
enantiomeric excess of the resulting alcohol was determined via GC. 



Table 5 



Substrate 



Relative 
activity 



% 

Ketones 

1- Phenyl-2-propanone 24 

2- Chloro- 1 -(3-chloro- 2 1 
phenyl) ethane- 1 -one 
Acetophenone 4 



Caprylophenone 



0 



Stereo- 
selectivity 



Substrate 



Relative 
activity 
% 

100 



3-Oxoacid ester 
97% S Ethyl-4- 

chloroacetoacetate 
100% R Methyl 150 

acetoacetate 
n.d. Ethyl-8-chloro-6- 20 

oxooctanoic acid 
n.d. Dimethyl-3-oxo- 3.5 
1,8-octandioic acid 



Stereo- 
selectivity 



99% R 
97% S 
100% R 
n.d. 
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Substrate 



2-Octanone 



3-Octanone 



Relative 
activity 

% 

88 

30 



Stereo- Substrate 
selectivity 



Relative 
activity 
% 
67 



100% S Ethyl- 3 

oxovaleriate 
n.d. Ethyl acetoacetate 100 



Stereo- 
selectivity 

n.d. 

99% S 



2-Butanone 99 50% S 

4-Hydroxy-2-butanone 99 90% S 

Ethyl-2-oxovaleriate 41 97% S 

Ethyl-2-oxo-4- 76 95% S 
phenylbutanoic acid 

Ethyl pyruvate 1 0 1 00% S 

Ethyl phenyl 5.2 1 00% R 
glyoxylate 



2-Oxovaleric acid 0 

2-Oxo-3 -phenyl 0 
propionic acid 

2-Oxobutanoic acid 0 



n.d. 
n.d. 

n.d. 



n.d. means not determined 



As can be seen in Table 5, a broad spectrum of 2- and 3-oxoacid esters as well as aromatic 
and aliphatic ketones are stereoselectively reduced from the oxidoreductase according to the 
invention. 



5.5 Solvent stability 



The enzyme stability of the oxidoreductase from P. capsulata was examined in the presence 
of organic solvents. For this purpose, the oxidoreductase was in each case diluted 1 :20 with 
the indicated solvent mixtures (in case of water-miscible organic solvents) and was 
incubated at room temperature (20°C to 24°C; RT). Subsequently, 10 \x\ of the enzyme 
solution were used in the standard test batch. Also in this case, the initial value was equalled 
to 100% after dilution in the buffer (potassium phosphate buffer (KPP) 100 mM, pH = 7.0), 
and all the other values were set in relation to said initial value. 

In case of water-immiscible organic solvents, the dilution likewise took place in a potassium 
phosphate buffer, the same volume of an organic solvent was added to the batch and the 
batch was incubated at RT in a thermomixer at 170 rpm. The activity was measured from the 
aqueous phase. Table 6 shows the results. 
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Table 6 



Activity 


8h 


24 h 


activity 


8h 


24h 


Buffer 


100% 


100% 


ethyl acetate 


2 


0 


KPP 100 mM pH = 7 












1 mM MgCl 2 












5% isopropanol 


77% 


77% 


butyl acetate 


53% 


28% 


10% isopropanol 


72% 


72% 


diethyl ether 


100% 


100% 


20% isopropanol 


46% 


46% 


methyl tert- 


100% 


100% 








butyl ether 






30% isopropanol 


18% 


18% 


diisopropyl ether 


100% 


100% 


5% EtOH 


77% 


77% 


chloroform 


51% 


0% 


10% EtOH 


77% 


77% 


hexane 


60% 


20% 


20% EtOH 


100% 


100% 


heptane 


74% 


43% 


30% EtOH 


64% 


64% 


cyclohexane 


85% 


70% 


10%DSMO 


42% 


45% 








20% DSMO 


30% 


30% 









EtOH stands for ethanol; DSMO stands for dimethyl sulfoxide 

As can be seen in Table 6, the oxidoreductase from P. capsulata displays a surprising 
stability towards organic solvents. In contrast to the established doctrine, the oxidoreductase 
according to the invention is even stabilized in organic water-miscible and water-immiscible 
solvents, compared to an incubation in the pure buffer. Thus, the oxidoreductase according 
to the invention can be used in a two-phase system as described in DE 101 19274 Al. 

5.7 Preparative conversions 

5.7.1 Reduction of ethyl-4-chloroacetoacetate to ethyl-(R)-4-chloro-3-hydoxybutanoic acid 

For the preparative batch, a mixture of 34 1 of a buffer (100 mM TEA, pH = 7, 1 mM ZnCl 2 > 
10% glycerol), 4 1 isopropanol, 4 1 4-chloroacetoacetate, 4 g NAD and 3.6 million U of 
recombinant oxidoreductase from Pichia capsulata was incubated for 24 h at room 
temperature under constant mixing. After 24 h, 99% of the 4-chloroacetoacetate used was 
reduced. Subsequently, the reaction mixture was extracted with ethyl acetate, the solvent was 
removed by means of a rotary evaporator and the raw product was distilled. In this manner, 
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2.8 1 (3.4 kg) of ethyl-(R)-4-chloro-3-hydroxybutanoic acid with an enantiomeric excess of 
99% were recovered. This corresponds to a yield of 70%, based on the amount of educt used. 

5.7.2 Reduction of 2-chloro-l-(3-chlorophenyl)ethane-l-one to (R)-2-chloro-l-(3- 
chlorophenyl)ethane- 1 -ol 

For the preparative batch, a mixture of 164 ml of a buffer (100 mM TEA, pH = 7, 1 mM 
ZnCh, 20% glycerol), 16 ml isopropanol, 20 g 2-chloro-l-(3-chlorophenyl)ethane-l-one 
dissolved in 20 ml methyl tert-butyl ether (MTBE), 10 mg NAD and 20.000 U of 
recombinant oxidoreductase from Pichia capsulata was incubated for 24 h at room 
temperature under constant mixing. After 24 h, 96% of the 2-chloro-l-(3-chlorophenyl) 
ethane- 1 -one used was reduced. Subsequently, the reaction mixture was extracted with ethyl 
acetate, and the solvent was removed using the rotary evaporator. In this manner, 15 g of 
(R)-2-chloro-l-(3-chlorophenyl)ethane-l-ol with an enantiomeric excess of 100% were 
recovered. This corresponds to a yield of 77%, based on the amount of educt used. 



